FIBROUS DYSPLASIA {#sec1-1}
=================

INTRODUCTION {#sec1-2}
============

Fibrous dysplasia of the bone is a lesion of unknown aetiology, uncertain pathology, diverse histology, which although not strictly a neoplasm behaves like one. Von Recklinghausen first described it in 1891.\[[@ref1]\] It is a developmental derangement of bones caused by an aberrant activity of bone forming mesenchymal tissue resulting in abnormal proliferation of undifferentiated mesenchymal bone forming cells.\[[@ref2]\] These undifferentiated mesenchymal cells fail to mature into lamellar bone and lead to disorganized poorly calcified fibrous bone trabeculae, so the normal bone is gradually replaced with fibrous bone tissue.\[[@ref3]\] The bony lesion exhibits general histologic features of fibrosis with varying degree of simultaneous resorption and repair. Fibrous dysplasia can affect one or several bones, occur anywhere but are usually found in the proximal femur, tibia, humerus, ribs, and craniofacial bones in decreasing order of incidence. There is no known cure for fibrous dysplasia. Most lesions are monostotic, asymptomatic and identified incidentally and can be treated with clinical observation, patient education and surgery in selective cases. In this paper, the discussion will mostly revolve around cranio-facial fibrous dysplasia.

INCIDENCE AND DEMOGRAPHIC PRESENTATION\[[@ref1][@ref4]\] {#sec1-3}
========================================================

Fibrous dysplasia is usually diagnosed in childhood or adolescence. They progress gradually and halt after attaining maturity, sometimes regress in few percentage of cases. Most patients with fibrous dysplasia are diagnosed in the first three decades of life. Males and females of any race are equally affected. It accounts for 7% of benign bone tumours.

This tumor is normally a monostotic (solitary) tumor that arises during periods of bone growth in older children and adolescents and slowly enlarges. Monostotic fibrous dysplasia accounts for 75 to 80% of cases. Polyostotic fibrous dysplasia may occur as multiple lesions in adjacent bones or multiple extremities. Skeletal deformities can occur as a result of repeated pathological fractures through affected bone. Cranio-facial bony involvement occurs in 27% of monostotic and up to 50% of polyostotic patients. Generalized fibrous dysplasia involving the face and skull is called "Leontiasis ossea."\[[@ref5]\]

ETIOPATHOGENESIS {#sec1-4}
================

Fibrous dysplasia is linked to a gene mutation on GNAS1 gene\[[@ref1][@ref6]\] that affect the cells that produce bone. The mutation occurs after conception, in the early stages of fetal development. This is a somatic mutation, rather than in the germ line. That means the mutation isn't inherited from parents,\[[@ref3]\] and can't be passed on to children. The cause of the gene mutation is not known, however, levels of transcription factor C-fos are raised in fibrous dysplasia, leading to gene over-expression and tumour formation.\[[@ref1][@ref2]\] There may be a relationship between the c-fos proto-oncogene and the development of fibrous dysplasia. The gene mutation causes an abnormal proliferation of undifferentiated mesenchymal bone forming cells. These undifferentiated mesenchymal cells fail to mature into lamellar bone (arrest of bone development in woven phase) and lead to disorganized poorly calcified fibrous bone trabeculae, so gradually the normal bone is replaced with fibrous bone tissue. The bony trabeculae are abnormally thin and irregular, and often likened to "Chinese character" or "Alphabet soup" (bony spicules on biopsy).\[[@ref7]\]

The abnormality is limited to the tissues within the lesions. The cells have an increased number of hormone receptors, which may explain why these lesions become more active during pregnancy.\[[@ref8][@ref9]\] There are reports of increased pain in fibrous dysplasia lesions linked to monthly menstrual cycle.\[[@ref10]\]

The same abnormality that occurs in the bone cells of fibrous dysplasia may also occur in the cells of some of the endocrinal glands. This can lead to hormonal abnormalities. This is rare and generally only happens with severe forms of polyostotic fibrous dysplasia. McCune-Albright syndrome is a condition where polyostotic fibrous dysplasia occurs with pigmented skin lesions ("cafe au lait" spots) and hormonal abnormalities.

The association of fibrous dysplasia and soft tissue tumors has been given the name Mazabraud\'s syndrome.\[[@ref11][@ref12]\] Many endocrinal abnormalities including hyperthyroidism, Cushing\'s disease, precautious puberty, gigantism, thyromegaly, hypophosphatemia, and hyperprolactinemia have been associated with fibrous dysplasia.\[[@ref13]\] Fibrous dysplasia of bone may also be an associated abnormality in neurofibromatosis type-II.\[[@ref14]\]

CLINICAL PRESENTATION {#sec1-5}
=====================

In most cases, fibrous dysplasia has no symptoms and is only diagnosed by accident during investigations for an unrelated medical problem, though pain and swelling may accompany the lesion.

Symptom of fibrous dysplasia may be divided into following categories:

Bony deformities {#sec2-1}
----------------

The most common presentation of fibrous dysplasia is swelling or lobulated deformity of involved area, mostly the maxilla,\[[@ref15]\] zygoma, mandible, frontal or periorbital area \[[Figure 1](#F1){ref-type="fig"}\]. Many patients' presents with external visible aesthetic deformity, especially when involving the skull or facial bones. Due to expansion of alveolar bony lesion, patient may present as mal-occlusion or increased gaping in between the teeth \[[Figure 2](#F2){ref-type="fig"}\]. The weakened area of an affected bone can cause the bone to bend and deformity of the bone over time. Deformity of the facial bones and bowing of the leg bones can be noticeable. When the leg and pelvis bones are severely deformed, arthritis may develop in nearby joints. Fibrous dysplasia of femur is characterized by Shepherd Crook\'s deformity, which refers to a coxa vara angulation of the proximal femur.\[[@ref16]\]

![Common prsentation of fibrous dysplasia as asymptomatic swellings of peri-orbital area (a), zygoma (b), maxilla (c) and palatal surface of maxilla (d)](IJPS-48-236-g001){#F1}

![Fibrous dysplasia of left side of mandible creating malocclusion and anterior open bite](IJPS-48-236-g002){#F2}

Bone pain {#sec2-2}
---------

As the abnormally formed fibrous tissue grows and expands, the involved area of bone becomes weaker. The weakened area of bone can become painful. Pain is more likely to occur in the weight-bearing leg and pelvic bones. This type of pain generally begins as a dull ache that is made worse with activity and lessened with rest. It can progressively increase with time. The pain increases with weight-bearing activity, causes a limp, doesn't go away with rest and interrupts sleep. In cranio-facial fibrous dysplasia, pain is usually not a feature, but patients may complain of pain secondarily due to obstructed paranasal sinuses or compression of nerves in foramina.

Obstruction, compression or entrapment due to growing fibrous bone {#sec2-3}
------------------------------------------------------------------

As one or more bones progressively increase in size, the facial features are deformed and facial symmetry is the first casualty. The shape of the skull may change and the dysplastic bone may move into the cavities of the eye, mouth, and/or the nose and its sinuses. There may be interference of the nasal passage and intrusion of the oral cavity \[[Figure 3a](#F3){ref-type="fig"}\]. Expansion of periorbital bony lesion may compress over the globe. This may lead to abnormal protrusion of the eyeball (exophthalmos) and eventually may cause complete loss of vision because of the compression on the optic nerve \[[Figure 3b](#F3){ref-type="fig"}\]. Fibrous dysplasia can also result in other cranial nerve compressions. If the temporal bone is affected, the patient may suffer as much as 80% hearing loss due to narrowing of inner ear canal. It may also cause facial nerve paralysis or dizziness. Any of 12 cranial nerves can be involved with fibrous dysplasia, however, the most common are optic nerve and vestibule-cochlear nerve, leading to sight and hearing loss.\[[@ref17]\]

![Fibrous dysplasia intruding into oral and nasal cavity (a). Another very severe case leading to nasal passage obstruction, proptosis and loss of vision (b)](IJPS-48-236-g003){#F3}

Fractures {#sec2-4}
---------

Sometimes, the bone breaks through the weak area, causing sudden severe pain. This can happen after there has already been less severe pain for a time, or it may happen suddenly with no prior pain. Tooth may loosen and fall off.

Endocrine abnormalities {#sec2-5}
-----------------------

Rarely, fibrous dysplasia may be associated with abnormalities in the endocrine system. Young patients with hormonal abnormalities may develop early puberty. This problem is more common in girls than boys. This is usually caused by over activity of the ovaries, often occurring as early at 3-years of age. The elevated hormone levels normally associated with pregnancy may speed up the growth of fibrous dysplasia lesions, causing increased pain especially during menstruation or pregnancy.

Over activity may also occur in other glands of the body, including:\[[@ref13]\]

The thyroid gland (causing anxiety, loss of weight, and abnormal sweating).The adrenal glands (causing weight gain, and diabetes)The pituitary gland (causing milk production in women, gigantism, acromegaly).The parathyroid glands (causing high levels of calcium in the blood and/or hyperphosphatemia).

COMPLICATIONS {#sec1-6}
=============

Severe fibrous dysplasia can cause:

Bone deformity or fracture. The weakened area of an affected bone can cause the bone to bend or tooth to fall. These weakened bones also are more likely to fracture.Vision and hearing loss. The optic nerve and vestibulo-cochlear nerve may be surrounded by affected bone.Arthritis. If leg and pelvic bones are deformed, arthritis may form in the joints of those bones.Cancer. Rarely, an affected area of bone can become cancerous. This rare complication usually only affects people who have had prior radiation therapy. Warning signs that an area of fibrous dysplasia may have become cancerous include increasing pain, particularly pain that wakes you up at night or does not go away with rest. The increase in growth rate of any mass should always be investigated.

CLASSIFICATION {#sec1-7}
==============

Fibrous dysplasia itself is one of the categories of heterogeneous group of lesions exhibiting variety of clinic-pathological features, grossly termed as fibro-osseous lesions (FOL). WHO classified these FOL into three groups namely Fibrous Dysplasia (FD), Osseous Dysplasia (OD), and Ossifying Fibroma (OF).\[[@ref18]\] Since the original term Fibrous dysplasia was introduced by Liechtenstein in 1938, many attempts have been made to classify this disease. Grossly, there are two types of fibrous dysplasia.

Monostotic fibrous dysplasia {#sec2-6}
----------------------------

It is the most common type of fibrous dysplasia, occurring in 70-80% of cases.\[[@ref13]\] Monostotic simply means involving one bone. This is a less serious disease and usually involves the cranio-facial skeleton, long bones such as the femur, and ribs. Nearly every bone in this region can get involved individually but it is seen usually in the jawbones.

Monostotic fibrous dysplasia has often been labeled as ossifying fibroma or non-osteogenic fibroma or Leontiasis Ossea. They have to be differentiated from giant cell lesions of the jaw namely ameloblastoma, osteoclastoma, cherubism, histiocytosis X, Brown tumour of hyper-parathyroidism and aneurismal bone cysts.

It is an entity of considerable clinical and histologic variation, probably depending upon the stage and phase of disease:

Painless swelling or bulge in the jaw, usually involving labial or buccal side, and seldom the lingual plate. Palatal or lingual surface may be involved in large or advanced lesions \[[Figure 4](#F4){ref-type="fig"}\].Protuberant excrescences of the inferior border of mandible.Mal-alignment of teeth.Tipping or displacement of teeth due to progressive expansile lesion.Tenderness is a late feature.Mucosa is almost invariably intact over the lesion.

![Fibrous dysplasia of left maxilla with involvemenet of both labial as well as palatal surface with visible left palatal bulge](IJPS-48-236-g004){#F4}

Fibrous dysplasia of maxilla has marked predilection for children. It is impossible to eradicate without a radical surgery, which is mutilating. These are not well circumscribed and commonly extend locally to involve maxillary sinus, zygomatic process, orbital floor and skull base resulting in severe malocclusion and marked facial asymmetry. They do not remain truly monostotic and are best described as craniofacial fibrous dysplasia. Mandibular lesions have been excised and replaced by vascularized bone flaps.

Monostotic fibrous dysplasia is a totally different disease altogether and will not march on to become polyostotic type.\[[@ref13]\] It also does not manifest extra-skeletal lesions as seen in the polyostotic variety.

Polyostotic fibrous dysplasia {#sec2-7}
-----------------------------

It affects 20-30% of patients.\[[@ref13]\] Polyostotic means occurring in more than one bone \[[Figure 5](#F5){ref-type="fig"}\]. The head and neck are involved in approximately half of these patients. The Polyostotic fibrous dysplasia is further classified into:

Fibrous dysplasia involving variable number of bones although most of the skeleton is normal and accompanied by pigmented skin lesions or café-au-lait spots -- **Jaffe-Lichtenstein Syndrome** or simply, Jaffe Type.\[[@ref19]\]A most severe disease involving nearly all the bones of the skeleton, accompanied by pigmented skin or oral mucosal lesions, and endocrine disturbances of various types -- **McCune Albright syndrome**.\[[@ref20]\] It only occurs in approximately 3% of cases.

![A case of polyostotic fibrous dysplasia](IJPS-48-236-g005){#F5}

The clinical features of cranio-facial fibrous dysplasia are facial asymmetry, diplopia, proptosis, sinus infection, deafness, loss of vision, oro-nasal obstruction, malocclusion, cranial nerve involvement, raised intra-cranial and intra-orbital pressure. Oral manifestations are related to the severe disturbance in the bony tissue of the cranio-facial skeleton. The commonest lesions are in the mandible and the peri-orbital bones. Expansion and deformity of the jaw, disturbed eruption pattern of teeth are because of loss of normal support of developing teeth and endocrinal disturbances affecting the timing of eruption of the teeth.

Fibrous dysplasia in other regions present with bowing and thickening of long bones, aching and recurrent bone pains, spontaneous fractures and resultant invalidism, and possible associated skin lesions -- café-au-lait spots \[[Figure 6](#F6){ref-type="fig"}\].

![Typical skin pigmentation in many cases of fibrous dysplasia, the café-au-lait spots](IJPS-48-236-g006){#F6}

INVESTIGATIONSAND DIAGNOSIS {#sec1-8}
===========================

Plain X-ray.Imaging tests: Computerized tomography or magnetic resonance imaging scans are used to determine how extensively the bones are affected.Bone scan: This test uses radioactive tracers (usually Tc-99), which are injected into the bloodstream. The damaged parts of bones (hyperactive) take up more of the tracers, which show up more brightly on the scan.Biopsy: A needle biopsy or an open biopsy is confirmatory.Biochemical tests to detect Bone Turnover Markers (BTMs) like Serum Alkaline phosphatase, monitoring the levels of various hormones if indicated.

X-Ray appearance and advanced imaging findings {#sec2-8}
----------------------------------------------

Radiographically, fibrous dysplasia appears as a well-circumscribed lesion with a ground glass or hazy appearance of the matrix \[[Figure 7](#F7){ref-type="fig"}\]. There is a narrow zone of transition and no periosteal reaction or soft tissue mass. Sometimes there is focal thinning of the overlying cortex, called "scalloping from within". The radiological appearance can also be cystic, pagetoid, or dense and sclerotic. These are variable there being three basic patterns:\[[@ref21]\]

![Spectrum of radiological appearance in various cases of fibrous dysplasias. Cystic or loccular appearance (a), Mottled appearance (b) or more opaque and generaliged groud glass appearance (c)](IJPS-48-236-g007){#F7}

Small lesions with unilocular radiolucency, or somewhat larger lesions with multilocular radiolucency, both with well circumscribed borders and containing a network of fine bony trabaculae \[[Figure 7a](#F7){ref-type="fig"}\].Similar pattern except that increased trabaculations render the lesion more opaque, and typically mottled in appearance \[[Figure 7b](#F7){ref-type="fig"}\].More opaque with many delicate trabaculae giving it a 'ground glass' appearance \[[Figure 7c](#F7){ref-type="fig"}\].

In all the types generally the cortical bone becomes thinner because of expansile nature of the lesion, but seldom is the bone plate perforated or the periosteal proliferation obvious. In cranio-facial fibrous dysplasia there is a characteristic mottled or pagetoid thickening and calcification of the base of skull.

There are however advantages of using multiple imaging modalities in the evaluation of these disorders. C.T. scan can show the diagnostic findings of Fibrous dysplasia and the extent of bony involvement \[[Figure 8](#F8){ref-type="fig"}\], which is extremely important in planning treatment in cranio-facial lesions in particular. MRI scan show the extent and vascularity of the intra-diploeic fibrous mass, and also best demonstrates the distortion of underlying cerebral or orbital structures. MRI or CT scan can identify sarcomatous change within the lesion.

![CT scan findings in cases of fibrous dysplasia to evaluate actual extent of involvement. (a) 3-D reconstruction of right sides mandibular FD, (b) transverse cut and 3-D reconstruction of left zygomatic lesion, and (c) 3-D reconstruction of right supraorbital FD lesion](IJPS-48-236-g008){#F8}

Bone scans are not helpful in diagnosing these lesions but can be useful in identifying asymptomatic lesions.\[[@ref22]\] Tc99 HM-PAO brain scintigraphy is employed to demonstrate the adequacy of ipsilateral cerebral perfusion, thereby excluding any significant cerebral 'steal'. Tc99 bone scan uptake may be normal or increased.

Histopathology findings {#sec2-9}
-----------------------

On gross appearance, the tumor is a solid white or tan mass. The cut surface is gritty or sandy because of the fine bone spicules it contains. There is considerable variation in the microscopic appearance. The lesion is essentially a fibrous one, made up of proliferating fibroblasts in a compact stroma of interlacing collagen fibers; irregular trabaculae of bone are scattered throughout the lesion with no definite pattern or arrangement \[[Figure 9](#F9){ref-type="fig"}\]. Characteristically C-shaped or Chinese characters shaped trabaculae, (described as "Chinese letters" or "alphabet soup"),\[[@ref7]\] which are usually coarse woven bone, are seen instead of well-organized lamellar bone.

![Histopathological features of FD showing irregular trabecullae with compact stroma of interlacing collagen fibers](IJPS-48-236-g009){#F9}

Large lesions may show histological variations from area to area, sometimes presenting greater bony reaction around the periphery than in the central core of the lesion.

MANAGEMENT {#sec1-9}
==========

Fibrous dysplasia is a chronic disorder. It is often progressive. Although lesions may stabilize and stop growing, they usually do not disappear. Individual lesions may progress more rapidly in the polyostotic form and in growing children. McCune-Albrightsyndrome requires multidisciplinary treatment approach and involvement of endocrine physician to diagnose and manage endocrine abnormalities.

The modalities of management of fibrous dysplasia are:

 {#sec2-10}

### Observation {#sec3-1}

Mild fibrous dysplasia that\'s discovered incidentally and with no signs or symptoms, the risk of developing severe deformity or fracturing the bone, particularly in the cranio-facial variety, is low. Only monitoring the condition with periodic X-rays is required. Patients should be warned for any sign of vision or hearing disturbances and any disturbing obstructive symptoms in nasal airway. Orthodontic support and braces may be needed to manage mal-occlusion or misaligned tooth. Braces may occasionally be used to prevent fracture of long bones, but they have not been effective in preventing deformity.\[[@ref23]\]

### Medications {#sec3-2}

Bisphosphonates are medications that inhibit the activity of osteoclasts, cells that dissolve bone. They are available in easy to take oral forms too. These medications have not been used extensively in the treatment of fibrous dysplasia, but studies have demonstrated effective relief of the pain associated with fibrous dysplasia, especially fibrous dysplasia of spine, pelvis and long bones; and reduction/normalization of the bone turnover markers.\[[@ref24][@ref25][@ref26][@ref27]\] Though the main mode of action of bisphosphonates is its inhibitory effect on osteoclasts, some recent studies suggests that they may also have stimulating effect on osteoblast and inhibit the apoptosis of osteocyte and osteoblasts.\[[@ref28][@ref29]\] By this way, they may help strengthen bones affected by fibrous dysplasia. This can relieve pain and help reduce the risk of fractures.

Medical therapy is typically the first and effective line of treatment for any endocrinopathies.

Surgical treatment {#sec2-11}
------------------

A biopsy may be needed to confirm the diagnosis, but asymptomatic lesion, whose behavior is latent do not need any evaluation or treatment unless there is a risk of pathologic fracture or nerve compression.\[[@ref1]\] Surgery has very little role in severe forms of polyostotic fibrous dysplasia, as it tends to be a progressive disease. Surgery of monostotic lesion with curettage of the lesion can be associated with risk of local recurrence. Total excision and reconstruction is the only definitive treatment for cranio-facial fibrous dysplasia.\[[@ref30]\] Excision and replacement with recontoured bone, autogenous bone graft, autoclaved bone\[[@ref31]\] and implants (titanium, polyrane and methyl methacrylate) have all been tried. For monostotic mandibular or maxillary lesions segmental resection of the involved segment with reconstruction by vascularized fibula or iliac crest remains the treatment of choice.\[[@ref32]\] \[[Figure 10](#F10){ref-type="fig"}\].

![A severe monostotic FD of right mandible (a & b) and coronal cut in CT scan (c). The lesion was excised completelly and reconstructed using vascularized free fibula (d)](IJPS-48-236-g010){#F10}

But in polyostotic lesions of the cranio-facial skeleton there remains a dilemma between total excision (some times very deforming) and just aesthetic recontouring of deformed craniofacial skeleton with observation. A surgical success may in fact turn out to be a social disaster if the resultant disfigurement is worse than the one produced by the disease!

Chen and Noordhoff in 1990 suggested that the surgical treatment should be based on zones of involvement:\[[@ref33]\]

Total excision of dysplastic bones of fronto-orbital, zygoma and upper maxillary regions and primary bony reconstruction (Zone 1);Conservative excision of hair bearing skull (Zone 2), central cranial base (Zone 3), and tooth bearing bones (Zone 4).

Many authors prefer aggressive definitive excision and micro-vascular reconstruction in monostotic or monofocal lesion, and reported good functional and aesthetic results\[[@ref30][@ref32][@ref33]\] While many recommend expectant management of asymptomatic patients even in the presence of radiological evidence of Cranio-facial FD, as most of the cranio-facial fibrous dysplasia remains asymptomatic on long term follow up, especially after attaining maturity.\[[@ref1][@ref34][@ref35]\]

Treatment of Cranio-facial FD (CFD) should be highly individualized. Since most of the CFD cases presents with asymptomatic swellings or facial deformity, surgical recontouring after cessation of growth provide the best result\[[@ref36]\] \[[Figure 11](#F11){ref-type="fig"}\]. Cosmetic recontouring, and orthognathic surgery for malocclusion are reported by many authors.\[[@ref34][@ref35][@ref37]\] Real time image guided navigation is a valuable treatment modality during cranio-facial bone contouring, shows benefit of improved accuracy and safety in complicated cases.\[[@ref38]\]

![Asymptomatic very slow growing fibrous dysplasia of right supraorbital area in a teenage girl presenting with aesthtic deformity (a and b). The lesion was exposed through coronal incision (c) and contoured using high speed rotating burr (d) showing postoperative aesthetic outcome (e and f)](IJPS-48-236-g011){#F11}

Rarely emergency surgery is required to prevent deterioration of vision or raised intra-cranial pressure. Thus orbital decompression, cranial decompression and oro-nasal decompression is at times required in cranio-facial lesions.\[[@ref4]\] Many studies have showed that there is no role of prophylactic decompression of optic nerve. Surgical treatment to decompress the optic nerve should only be carried out when there are symptoms of vision disturbances. The risk of injury to the optic nerve and subsequent vision loss negates for the prophylactic optic nerve decompression.\[[@ref4][@ref17][@ref34]\] In recent years, more emphasis has been given to involve minimal invasive neurosurgical team (endoscopic) to decompress optic nerves using trans-sphenoidal endoscopic approach rather than open craniotomy approach.\[[@ref30][@ref35]\]

Thus the following findings are associated with the need for surgery:

Symptomatic lesions that have not responded to non-surgical treatment.Progressive deformity -- facial asymmetry.To relieve pressure on a nerve, particularly if the lesion is in skull or face.Presence of cancer.Displaced fractures, hairline cracks that do not heal with casting or bracing in long bones.As a means to prevent large lesions from causing a fracture in long bones.

Radiotherapy has been tried with some success but the hazards of subsequent development of radiation-induced sarcoma have been reported.\[[@ref39][@ref40]\]

Outcomes of treatment and prognosis {#sec2-12}
-----------------------------------

Total excision and reconstruction is the only definitive treatment available but can be offered only to monostotic and a very few polyostotic cranio-facial lesions. Micro-vascular free fibular flap or iliac crest is the workhorse of reconstruction. After complete and therapeutic resection of cranio-facial fibrous dysplasia, the chances of recurrence is almost negligible. Even in cases where complete resection is not possible or undesirable to avoid severe deformity, the chances and rate of recurrence is very low and reduces progressively with increasing age. Patient may be monitored with regular radiography and serum chemical markers of bone turnover like Serum Alkaline phosphatase.\[[@ref41]\]

Patients with symptomatic or large lesions from fibrous dysplasia should be placed on biphosphate medicines for long-term. These medicines have proven effective in reducing symptoms and increasing cortical thickness. Large, symptomatic or critical lesions can be managed with intravenous bisphosphonate medicines, including zolendronic acid.

Usually an uncomplicated fibrous dysplasia is compatible with life but deaths as a result of fibrous dysplasia have also been reported.\[[@ref42]\] Malignant transformation into osteogenic sarcoma has been reported in both monostotic and polyostotic variety.\[[@ref39][@ref40]\]

RESEARCH ON THE HORIZON {#sec1-10}
=======================

The explosion of genetic research may lead to a better understanding of the exact mutation involved in fibrous dysplasia. That may lead to more effective nonsurgical treatments.\[[@ref6][@ref43][@ref44]\]Newer generations of medications, like the bisphosphonates, have made them easier to take with fewer side effects. Till now, use of these medication results in decrease or disappearance of bone turnover markers, occasionally reduction of pain, but there are no reports of cure or regression. More experience with these medications may result in more effective treatment of FD.\[[@ref26][@ref28]\]

CHERUBISM {#sec1-11}
=========

Familial fibrous dysplasia (fibro-osseous lesion) of the jaw is more commonly called Cherubism because of the typical chubby facial deformity (Cherub = Sweet innocent baby or little angel) with which these patients present \[[Figure 12](#F12){ref-type="fig"}\]. Seen in early childhood (3-5 years), there is a progressive painless, symmetric swelling of the jaws, producing a typical chubby face, suggestive of a cherub. Approximately 200 cases have been reported by medical journals with the majority being males. The term Cherubism was first coined and documented by Dr. W. A. Jones of Kingston, Ontario in 1933. He describes the case of three siblings of a Jewish Russian family; they developed a characteristic swelling of jawbone, which increases gradually. By the time these children reached the age of 15-17 years, the facial deformities became grotesque, that were subsequently operated by Dr. Jones with no recurrence of swellings after 4-years.\[[@ref45][@ref46]\]

![Typical cases of Cherubism involving maxilla with characteristic chubby cheek appearance. Front (a) and profile (b) picture](IJPS-48-236-g012){#F12}

The condition is due to an autosomal dominant gene with 100% penetrance in male and 75% in female with variable expressivity. Male to female ratio is 2:1. Majority of cases involve only the mandible.

A painless bony expansion of mandibular angle area is the usual first presentation, which is firm to hard on palpation and may be accompanied by regional lymphadenopathy. Involvement of maxilla and zygoma is also common. Hyperactivated osteoclastic remodeling contributes to the change of normal bone to fibrous tissue and cyst formation. As noted by the name, the patient\'s face becomes enlarged and disproportionate due to the fibrous tissue and atypical cystic bone formation. Respiratory, masticatory, speech and swallowing function may be impaired. The sponge-like bone formations lead to early tooth loss and problems with permanent tooth eruption. The deciduous dentition may spontaneously shed prematurely, beginning as early as 3-years of age. Permanent dentition may often be defective --- Absence of numerous teeth, displacement and lack of eruption. Oral mucosa is invariably intact and there are no associated systemic manifestations. The maxilla may be more severely affected in most cases than the mandible. The maxilla maybe affected up to and including the orbits and sometimes inside the orbits,\[[@ref47]\] creating a pressure over the globe so that the eyes appear to gaze upward.\[[@ref48]\] Continued and increasing pressure may result into diplopia, impairment or loss of vision.

The degrees of Cherubism vary from mild to severe, and classified into three groups:

Quiescent lesions are usually seen in adults and are non-progressive.Non-aggressive lesions are usually seen in teenagers and are very slow growing.Aggressive lesions are seen in childhood, are rapidly growing, may cause tooth displacement, root resorption, and thinning of cortical bone; may require active surgical intervention to control the condition.

While the disease is rare and painless, the afflicted patients suffer the emotional trauma of disfigurement. Although progressing rapidly during early childhood, it tends to become static and may even show regression as the patient approaches puberty. In most cases, the condition fades as the child grows, but in a few even rarer cases the condition continues to deform the affected person\'s face. Very rare late re-activation of cherubism in adult life or re-activation in association with polycystic ovarian disease (PCOD) is also reported by some authors.\[[@ref49]\]

Causes {#sec2-13}
------

The cause of Cherubism is believed to be from a mutation of gene of SH3BP2 from chromosome 4p16.3.\[[@ref50]\] Because the disease was found to be dominant the diseased phenotype tends to be seen in every generation at some level of severity. Therefore afflicted fathers or mothers of children with Cherubism pass the phenotype to both daughters and sons.\[[@ref51]\] Cherubism has also been found from the random mutation of a gene in an individual having no family history of the disease (sporadic non-familial cherubism). However it is not well understood why males tend to express the disease more frequently. The disease is expressed at a rate of 80 to 100% of all affected; yet children with Cherubism vary in severity in their maxilla and mandible bony lesions.

Cherubism has also been found combined with other genetic disorders including Noonan syndrome, Ramon syndrome, and Fragile X syndrome.\[[@ref52]\] Mutations of the SH3BP2 gene are only reported in 75% of Cherubism cases.\[[@ref50]\]

The effects of SH3BP2 mutations are still under study, but researchers believe that the abnormal protein disrupts critical signaling pathways in cells associated with the maintenance of bone tissue and in some immune system cells. The overactive protein likely causes inflammation in the jawbones and triggers the production of osteoclasts, which are cells that break down bone tissue during bone remodeling. Cherubism is displayed with genetic conformation and when excessive osteoclasts are found in the affected areas of the mandible and maxilla. Osteoclasts also sense the increased inflammation of the mandible and maxilla and are further activated to break down bone structures. Bone loss and inflammation lead to increased fibrous tissue and cyst growth. An excess of these osteoclasts contributes to the destruction of bone in the upper and lower jaws. A combination of bone loss and inflammation likely underlies the cyst-like growths characteristic of Cherubism.

Diagnosis {#sec2-14}
---------

The disease is usually diagnosed when dental abnormalities are found. These abnormalities include premature deciduous teeth and abnormal growth of permanent teeth due to displacement by cysts and lesions. Initial study of the patient is usually conducted using x-ray and CT scans. Radiologically, cherubism is characterized by multilocular, well-defined radiolucencies of the involved areas, especially the posterior mandible. Histologically, the lesion resembles with giant-cell granuloma. The unique histological feature of cherubism is eosinophilic perivascular cuffing of collagen surrounding capillaries. Giant cell tumor of jaw, Odontogenic keratocyst, auto-inflammatory bone disease, sterile bone inflammation in childhood, hyperparathyroidism and neurofibromatosis are the differential diagnosis. Neurofibromatosis may resemble Cherubism and may accompany the disease. Diagnosis is based on clinical symptoms and family history. Genetic testing (sequence analysis of SH3BP2 gene) is the final confirmative diagnostic tool.\[[@ref50]\]

Treatment {#sec2-15}
---------

Because Cherubism changes and improves over time the treatment should be individually determined. Generally moderate cases are watched until they subside or progress into the more severe range. Orthodontic treatment is generally required to avoid permanent dental problems arising from malocclusive bite, misplaced, and unerupted permanent teeth.\[[@ref52]\] Orthodontic treatment may be used to erupt permanent teeth that have been unable to descend due to lesions and cysts being in their path of eruption. Currently, removal of the tissue and bone by surgery is the only proven treatment available, at time very deforming. Surgical recontouring of the jaw is sometimes advised in teenagers with large, bulky and aesthetically deforming but quiescent lesions. Severe cases may require surgery to eliminate bulk cysts and fibrous growth of the maxilla and mandible. Excision and bone grafting of the involved cranio-facial bone may be successful on some patients. Surgery is preferred for patients ages 5 to 15.\[[@ref53]\] Patients with orbital issues (diplopia, proptosis, and visual loss) will require early decompression.\[[@ref53]\] Radiation therapy is definitely contraindicated.

Few recent reports\[[@ref54][@ref55]\] show promising results with medical treatment. Since the hyperactive osteoclastic bone resorption in cherubism is mediated through TNF-alfa, many antagonists of TNF-alfa (Adalimubab, Etanercept) has been tried with variable results in many studies. Calcineurin inhibitor Tarcolimus is also shown some promising results by inhibiting NFATc1 (nuclear factor of activated T-cell cytoplasmic 1) dependent osteoclastogenesis. The medical management ultimately acts by reducing the bone resorption by inhibiting osteoclastogenesis, enhance bone formation by stimulating osteogenesis, ultimately reducing the size of cystic lesion and improved true bone formation in a number of patients with variable success. Salmon calcitonin administration by intranasal route is also reported with encouraging results in cherubism.\[[@ref56][@ref57]\] Further research and larger clinical trials are required to establish their role in the definitive medical management.

Prevention {#sec2-16}
----------

Because this disease is genetically linked, genetic counseling may be the only way to decrease occurrences of Cherubism. Every child of the individual affected with cherubism has 50% chance of inheriting the mutation. The lack of severe symptoms in the parents may be the cause of failure in recognizing the disorder. The optimal time to be tested for mutations is prior to having children. The disease results from a genetic mutation, and this gene has been found to spontaneously mutate. Therefore, there may be no prevention techniques available.
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